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QUARTERLY PROGRESS REPORT 
A STUDY OF T U N G S T E N - T E C H N E T I U M  ALLOYS 

APRIL 1 ,  1965-JULY 1,  1965 

I 

I N T R O D U C T I O N  

T e c h n e t i u m  i s  a s i s t e r  e l e m e n t  t o  rhen ium and  h a s  many p r o p -  

e r t i e s  t h a t  a r e  s i m i l a r  t o  rhen ium.  I t  i s  p r e d i c t e d  t h a t  t e c h -  
n e t i u m  w i l l  h a v e  a b o u t  t h e  same e f f e c t s  on t u n g s t e n  a s  rhen ium 

i n  r e g a r d  t o  i n c r e a s e  i n  w o r k a b i l i t y ,  l o w e r e d  d u c t i l e  t o  b r i t t l e  
t r a n s i t i o n  t e m p e r a t u r e ,  and  i m p r o v e d  d u c t i l i t y .  

The o b j e c t i v e s  o f  t h e  c u r r e n t  work a r e  t o  r e c o v e r  t e c h n e -  

t i u m  f rom f i s s i o n  p r o d u c t  w a s t e s  a t  I i a n f o r d  Atomic  P r o d u c t s  Oper -  
a t i o n  a n d  r e d u c e  t o  p u r i f i e d  m e t a l ;  p r e p a r e  W-Tc a l l o y s  c o n t a i n -  
i n g  up t o  50  a t . %  T c ;  f a b r i c a t e  t h e  a l l o y  i n g o t s  t o  s h e e t  s t o c k ,  
a s s e s s i n g  t h e  e f f e c t  o f  t e c h n e t i u m  on w o r k a b i l i t y ;  and  p e r f o r m  

m e t a l l u r g i c a l  and  m e c h a n i c a l  p r o p e r t y  e v a l u a t i o n  o f  t h e  f a b r i -  
c a t e d  a l l o y s .  

P r e v i o u s  r e p o r t s  h a v e  d e s c r i b e d  t h e  s e p a r a t i o n  a n d  p u r i f i c a -  

t i o n  o f  8 0 0  g o f  t e c h n e t i u m  m e t a l  powder ,  m e l t i n g  o f  t e c h n e t i u m  

and  IV-Tc a l l o y s ,  and some i n i t i a l  o b s e r v a t i o n s  o f  t h e  a l l o y  
m a t e r i a l .  

C U R R E N T  PROGRESS 

D u r i n g  t h e  p a s t  q u a r t e r  t h e  m i c r o s t r u c t u r e  o f  a s e r i e s  o f  

Itr-Tc a l l o y s  i n  t h e  a r c  m e l t e d  c o n d i t i o n  was o b s e r v e d ,  m i c r o h a r d -  
n e s s  d e t e r m i n e d ,  and  i d e n t i f i c a t i o n  o f  p h a s e s  p r e s e n t  by X - r a y  

d i f f r a c t  i o n  c o m p l e t e d .  

One o f  t h e  f l a t t e r  s u r f a c e s  o f  e a c h  b u t t o n  ( F i g u r e  1 )  was 

p o l i s h e d  f o r  t h e s e  s t u d i e s  a f t e r  m o u n t i n g  i n  b a k e l i t e .  The g r i n d -  
i n g  p r o c e d u r e  was done e n t i r e l y  w i t h  a B u e h l e r  a u t o m e t  p o l i s h e r .  

Water was u s e d  a s  t h e  l i q u i d  v e h i c l e  f o r  i t  was f o u n d  t o  a s s i s t  
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i n  t h e  c l e a n u p  o f  t h e  r a d i o a c t i v e  powder  b e t t e r  t h a n  any  o t h e r  

common l i q u i d .  A d h e s i v e  backed  a b r a s i v e  p a p e r s  w e r e  u s e d  i n  t h e  

g r a d e s  o f  1 2 0 ,  3 2 0 ,  4 0 0 ,  and 6 0 0  g r i t  s i l i c o n  c a r b i d e .  Bo th  t h e  
h a r d n e s s  and  work h a r d e n i n g  p r o p e r t i e s  o f  t h e  a l l o y s  made g r i n d -  

i n g  d i f f i c u l t  and  s e v e r a l  d i s c s  o f  p a p e r  i n  e a c h  g r a d e  were 
n e c e s s a r y  f o r  p r o p e r  p r e p a r a t i o n .  

Rough p o l i s h i n g  f o l l o w e d  t h e  a t t a i n m e n t  o f  a good 6 0 0  g r i t  

f i n i s h .  T h i s  was done i n  a v i b r a t o r y  p o l i s h e r  ( S y n t r o n )  w i t h  a 
1 2  i n .  b o w l ,  u s i n g  M e t c l o t h ,  L i n d e  A a b r a s i v e ,  a n d  wa te r .  F o r  

p u r e  t e c h n e t i u m  a s o l u t i o n  o f  2 w t %  Cr03 i n  w a t e r  was f o u n d  t o  
work b e t t e r  a s  t h e  l i q u i d  v e h i c l e .  The n e x t  s t e p  i n  p o l i s h i n g  

was a l s o  on t h e  v i b r a t o r y  p o l i s h e r  u s i n g  M i c r o c l o t h ,  L i n d e  A 

a b r a s i v e ,  and  a m i x t u r e  ( 4 : l )  o f  2 w t %  Na2Cr207  and  2 w t %  Cr03, 

water  s o l u t i o n .  The m a t e r i a l  r e t a i n e d  a l a y e r  o f  worked  m e t a l  

a t  t h i s  s t a g e  t h a t  r e q u i r e d  two a d d i t i o n a l  s t e p s  t o  remove.  The 

f i r s t  o f  t h e s e  u s e d  an  a c i d  p o l i s h  o r  p o l i s h - a t t a c k  on an 8 i n c h  
hand  w h e e l .  L inde  A a b r a s i v e  on M i c r o c l o t h  was u s e d  w i t h  an a c i d  
m i x t u r e  o f  one  p a r t  s t o c k  s o l u t i o n  t o  n i n e  p a r t s  w a t e r .  The 

s t o c k  s o l u t i o n  was :  
p h o s p h o r i c  a c i d ,  and  5 cm3 1l2SO4 a c i d .  
s i s t i n g  o f  v i g o r o u s  swabbing  w i t h  a m i x t u r e  o f  4 5  p a r t s  FINO3 
a c i d ,  45 p a r t s  w a t e r ,  and 7 t o  1 0  p a r t s  c o n c e n t r a t e d  HF was u s e d  

t o  remove t h e  f i n a l  t r a c e s  o f  s c r a t c h e s .  E t c h a n t s  u s e d  v a r i e d  

w i t h  a l l o y  c o m p o s i t i o n ,  b u t  g e n e r a l l y  were  a s  f o l l o w s :  

5 0 0  cm3 w a t e r ,  1 0 0  g Cr03, 70 cm3 o r t h o -  
A c h e m i c a l  p o l i s h  con-  

- 
W t o  W-40 a t . %  T c  - Murakami ' s  swab 2 s e c .  

T e c h n e t i u m  - 1 0 w t %  M2C204 - e l e c t r o l y t i c  6 V f o r  2 t o  5 s e c .  

W-50 t o  6 0  a t . %  Tc - 1 w t %  NaOH e l e c t r o l y t i c  3 V f o r  1 0  s e c .  

The s t r u c t u r e  o f  t h e  a s - c a s t  a l l o y s  i s  shown i n  F i g u r e s  2 

t h r o u g h  7 .  The a l l o y s  t h r o u g h  1 0  a t . %  Tc a r e  e q u i a x e d  s i n g l e  

p h a s e .  As n o t e d  i n  F i g u r e  3 ,  t h e  m a t e r i a l  c o n t a i n i n g  2 0  t o  

40  a t . %  Tc i s  d e n d r i t i c  and s e v e r e l y  c o r e d  due t o  t h e  r a p i d  c o o l -  

i n g  r a t e  d u r i n g  f r e e z i n g  f o l l o w i n g  a r c  m e l t i n g .  These  c o m p o s i t i o n s  
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2 0  a t . %  Tc 

30 a t . %  Tc 4 0  a t . %  Tc 
F I G U R E  3 

M i c r o s t r u c t u r e  o f  W-Tc A l l o y s .  
Cored  S i n g l e  Phase  S o l i d  S o l u t i o n .  

50X 



. 

BNWL - 1 4 2  6 



7 BNWL- 1 4 2  



8 B N W L - 1 4 2  
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M i c r o s t r u c t u r e  o f  Two Phase  A l l o y s .  
Note B r i t t l e  F a i l u r e  i n  Sigma Phase o f  6 0  a t . %  A l l o y .  

- 
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50 a t . %  T c  

6 0  a t . %  Tc 

F I G U R E  7 
M i c r o s t r u c t u r e  o f  Two Phase Alloys. 

Note Crack i n  Matr ix  Phase o f  60  a t . %  A l l o y .  
7 5 0 X  
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were s t i l l  s i n g l e  p h a s e  s o l i (  s o l u t i o n  and  a s  shown i n  F i g u r e  5 ,  

a r e  s u b j e c t  t o  i n t e r d e n d r i t i c  p o r o s i t y ,  p r i m a r i l y  due t o  s h r i n k -  

a g e .  The 50and 60 a t . %  a l l o y s  a p p e a r e d  two p h a s e  i n  s t r u c t u r e ,  

t h e  5 0  a t . %  h a v i n g  a m a t r i x  o f  a l p h a  s o l i d  s o l u t i o n .  The l a s t  
r e g i o n  t o  f r e e z e  i n  t h i s  a l l o y  c o n t a i n s  some p o r o s i t y ,  as  shown 
i n  F i g u r e  6 and  i s  i n t e r g r a n u l a r .  Some s t r u c t u r e  i s  e v i d e n t  i n  

t h i s  r e g i o n ,  shown i n  F i g u r e  7 a t  h i g h e r  m a g n i f i c a t i o n .  The 
6 0  a t . %  a l l o y  is a l s o  two p h a s e  w i t h  t h e  m a t r i x  b e i n g  h a r d  and  

b r i t t l e  and h a v i n g  a s t r u c t u r e  s i m i l a r  t o  t h e  m i n o r  p h a s e  o f  t h e  
5 0  a t . %  a l l o y .  

M i c r o h a r d n e s s  d a t a  o b t a i n e d  a r e  shown i n  F i g u r e  8 .  An 
i n i t i a l  h a r d n e s s  d e c r e a s e  was o b s e r v e d  w i t h  Tc a d d i t i o n s  as was 
n o t e d  w i t h  Rockwel l  h a r d n e s s  m e a s u r e m e n t s .  I n c r e a s i n g  t e c h n e t i u m  

c o n t e n t  r e s u l t e d  i n  s o l i d  s o l u t i o n  h a r d e n i n g  t o  2 0  a t . %  Tc. No 

t w i n n i n g  was o b s e r v e d  a r o u n d  h a r d n e s s  i n d e n t s  t o  1 0  a t . %  Tc b u t  

i n c r e a s e d  t w i n n i n g  d e f o r m a t i o n  w i t h  t e c h n e t i u m  c o n t e n t  f rom 2 0  

t o  4 0  a t . %  Tc i s  shown i n  F i g u r e  9 t h a t  r e s u l t s  i n  t h e  h a r d n e s s  
d e c r e a s e  i n  t h i s  r a n g e .  The two p h a s e s  p r e s e n t  i n  t h e  5 0  a t . %  

a l l o y  h a d  marked ly  d i f f e r e n t  h a r d n e s s e s  and  o n l y  t h e  m a t r i x  
de fo rmed  by  t w i n n i n g .  The m a j o r  p h a s e  o f  t h e  60 a t . %  a l l o y  i s  
e x t r e m e l y  h a r d  a n d  b r i t t l e  as shown b y  t h e  c r a c k i n g  a r o u n d  t h e  
h a r d n e s s  i n d e n t s  i l l u s t r a t e d  i n  F i g u r e  1 0 .  No te  t h a t  t h e  d e n -  

d r i t i c  a l p h a  p h a s e  p r e s e n t  i n  t h i s  a l l o y  i s  n o t  c r a c k e d .  The 
same e v i d e n c e  i s  shown i n  F i g u r e  7 where  a q u e n c h i n g  c r a c k  i s  

o b s e r v e d  t o  s t o p  a t  t h e  b o u n d a r i e s  o f  t h e  a l p h a  p h a s e .  

I d e n t i f i c a t i o n  o f  p h a s e s  p r e s e n t  a n d  t h e i r  l a t t i c e  p a r a m e t e r s  
was made on t h e s e  p o l i s h e d  s u r f a c e s .  T h e s e  r e s u l t s  a r e  g i v e n  

i n  T a b l e  I and F i g u r e  11. These  d a t a  i n d i c a t e  t h a t  u n d e r  t h e s e  
n o n e q u i l i b r i u m  c o n d i t i o n s ,  a p p r o x i m a t e l y  4 8  a t . %  Tc i s  t a k e n  i n  

t h e  b c c  t u n g s t e n  s o l i d  s o l u t i o n .  The 50 a t . %  a l l o y  h a d  a s l i g h t  
i n d i c a t i o n  of a s e c o n d  p h a s e  and  t h e  60 a t . %  a l l o y  was p r e d o m i -  

n a n t l y  t h e  t e t r a g o n a l  s i g m a  p h a s e .  I n  F i g u r e  11 t h e  l a t t i c e  
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p a r a m e t e r s  d e t e r m i n e d  by Niemiec '  f o r  a l l o y s  q u e n c h e d  f rom 

1 8 0 0  O C ,  i s  a l s o  shown. The e x c e l l e n t  c o r r e l a t i o n  i n d i c a t e s  
t h a t  t h e  b u t t o n s  were e f f e c t i v e l y  quenched  f rom a p p r o x i m a t e l y  
1800 O C  d u r i n g  c o o l i n g  on t h e  w a t e r  c o o l e d  h e a r t h .  The s t r u c -  

t u r e  o f  t h e  s e c o n d  p h a s e  o f  t h e  50 a t . %  a l l o y  and  o f  t h e  m a t r i x  

p h a s e  o f  t h e  6 0  a t . %  a l l o y  have  some o f  t h e  a p p e a r a n c e  o f  a 
e u t e c t i c  r e a c t i o n  be tween  t h e  a l p h a  and  s i g m a  p h a s e s  b u t  no 

d e f i n i t e  c o n c l u s i o n s  can be  drawn f rom t h e s e  n o n e q u i l i b r i u m  
s t r u c t u r e s .  Attempts w i l l  be made t o  f u r t h e r  d e f i n e  t h e s e  s t r u c -  

t u r e s  by e l e c t r o n  m i c r o p r o b e  a n a l y s i s .  

S e v e r a l  mel ts  of  p u r e  t u n g s t e n  and  o f  a W-25 a t . %  Re a l l o y  
were made i n  t h e  e l e c t r o n  beam e v a p o r a t o r  u n i t  i n  p r e p a r a t i o n  

f o r  r e m e l t i n g  t h e  W-Tc a l l o y s .  

L I T E RATU RE REV I El$' 

1. J .  Niemiec.  B u l l e t i n  o f  t h e  P o l i s h  Academy o f  S c i e n c e s ,  
v o l .  X I ,  # 6  ( 1 9 6 3 ) .  

2. J .  B. Carby and S .  T .  Z e g l e r .  "Comments on S u p e r c o n d u c t i n g  
P h a s e s  i n  t h e  Mo-Tc S y s t e m , "  I n t e r n a t i o n a l  J o u r n a l  o f  t h e  
P h y s i c s  and C h e m i s t r y  o f  S o l i d s ,  v o l .  23, p p .  1826-1828. 
December 1962.  
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L A T T I C E  PARAMETERS FOR PlIASES IN T€IE W-TC SYSTEM 

0 

P h a s e  L a t t i c e  P a r a m e t e r s ,  A Comp o s i t i on , 
a t . %  Tc 

Tungs t e n  

2.5 

3.5 

5.0 

10.0 

20.0 

30.0 

40.0 

50.0 

60.0 

Alpha  S o l i d  S o l u t i o n  
(body c e n t e r e d  c u b i c )  
A l p h a  S o l i d  S o l u t i o n  
(body c e r i t e r e d  c u b i c )  
A lpha  S o l i d  S o l u t i o n  
(body c e n t e r e d  c u b i c )  
A l p h a  S o l i 2  S o l u t i o n  
(body  c e n t e r e d  c u b i c )  
A l p h a  S o l i d  S o l u t i o n  
(body c e n t e r e d  c u b i c )  
A lpha  S o l i d  S o l u t i o n  
(body c e n t e r e d  c u b i c )  
A lpha  S o l i d  S o l u t i o n  
(body c e n t e r e d  c u b i c )  

A lpha  S o l i d  S o l u t i o n  
(body  c e n t e r e d  c u b i c )  

A lpha  
Sigma 
Alpha  

Sigma ( T e t r a g o n a l )  

= 3.1649 f 0.0001 

= 3.1635 f 0.0001 
a O  

a O  

a = 3.1628 f 0.0001 
0 

a = 3.1617 * 0.0001 
0 

a 0 = 3.1553 * 0.0002 

a = 3.147 * 0.002 
0 

a 0 = 3.134 f 0.002 

a 0 = 3.126 * 0.002 

= 3.117 f 0.002 

= 3.117 * 0.002 
= 9.520 f 0.001 

c = 5.003 * 0.001 

- - -  
a O  

a. 

a O  

0 
c / a  = 0.525 
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